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ABSTRACT: A system for use in conjunction with a digital 
calculator for reading program cards or other indicia bearing 
records. The system includes a transport mechanism capable 
of selectively moving a card in opposite directions. Data on 
the card defines a sequence of calculator instructions. Read- 
ing means sequentially reads the instructions as the card is 
moved in a forward direction to thus cause the calculator to 
execute the operations identified by the instructions. Means 
are provided responsive to conditional and unconditional 
branch instructions for reading the instructions out of 
sequence. For example, in response to a CONDITIONAL RE- 
WIND instruction and the content of one of the calculator re- 
gisters, the card is moved in a reverse direction until a FOR- 
WARD instruction is sensed. 
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BI-DIRECTIONAL CARD READING SYSTEM FIG. 3B is a truth table illustrating the manner of controlling 

the flip-flops of FIG. 1 in order to generate the wave forms of 
BACKGROUND OF THE INVENTION FIG.3A; 

, - fJ r.u i FIG. 4A illustrates a typical program card which can be util- 

1 . Field of the Invention - . r , r . 

This invention relates genera.lv to digital * ^S^^i^^a^*^ 

more particularly to apparatus for causing such calculator to utilizing an embodiment of 

automatically execute a series of instructions including condi- p«ugi<»» »"»- ^ e 

tional and unconditional branch instructions. the P resent invention. 

2. Description of the Prior Art 10 DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Electromechanical calculators have been used for many 

years for executing simple arithmetic operations in response Attention is now called to FIG. 1 which illustrates a 

to the manual actuation of numeric and operation keys. In preferred embodiment of the present invention. As previously 

recent years many electronic calculators have been in- pointed out, the present invention is primarily intended to be 

troduced which, like their electromechanical predecessors, 15 utilized in conjunction with a calculator, for example, of the 

execute operations in response to the actuation of keys. It is type generally represented by the numeral 10 in FIG. 1. 

primarily in this respect that electronic digital calculators Briefly, the calculator 10 can include a plurality of number 

differ from electronic digital computers which execute opera- storing registers 12. For example, five registers respectively 

tions in response to an internally stored series of instructions, identified as the M, E, A, ST1 and ST2 registers are shown in 

referred to as a program. 20 FIG. 1. The M register can for example be utilized to hold the 

Limited attempts have been made to program electronic multiplier in multiplication operations. The E register can 

calculators so as to cause them to automatically execute a function as an entry register for storing information entered by 

sequence of arithmetic operations. For example, in the calcu- way of the keyboard 14. The A register can be used as an ac- 

lator disclosed in U.S. Pat. No. 3,330,946, means are provided cumulator. The ST1 and ST2 registers can be used for general 

for producing a punched paper tape in response to the manual 25 storage. 

actuation of keys which paper tape can subsequently be util- Transfer means only generally represented in FIG. 1, are 
ized to cause the calculator to sequentially execute the opera- provided for transferring information between the registers 
tions identified on the tape. Although such an automatic under the control of control means 16. Additionally, the con- 
sequencing capability can considerably extend the usefulness trol means 16 controls the coupling of the M, E and A re- 
of the calculator, it fails to match the decision making or 30 gisters to an arithmetic unit 18 capable of performing various 
branching capabilities of programmed digital computers. arithmetic operations with respect to the numbers applied 
In view of the foregoing, it is an object of the present inven- thereto. The output of the arithmetic unit 18 is applied to the 
tion to provide an apparatus suitable for use with an electronic a register. 

calculator for automatically executing a series of instructions As A system 20 is provided for automatically supplying suc- 

including conditional and unconditional branch instructions. J;> cessive instructions to the control means 16, in order to ex- 
ecute a sequence of operations. In accordance with the 

SUMMARY OF THE INVENTION present invention, the system 20 is able to move a program 

Briefly, the present invention is directed to a system for record or card in a bidirectional manner in response to both 

reading records, e.g. cards, bearing indicia defining a 40 instructions read from the program record and the content of 

sequence of instructions, including conditional and uncondi- certain ones of the calculator registers, to thus execute 

tional branch instructions, for controlling the execution of a problems which require successive iterations. More generally, 

calculator operations and the subsequent reading of the in- the system 20 in accordance with the present invention per- 

dicia bearing records. mits the program card to define both unconditional and condi- 

More particularly, in accordance with a preferred embodi- 45 tional branch instructions. As will be better appreciated 

ment of the invention, a bidirectional card transport hereinafter, the system 20 in accordance with the present m- 

mechanism is provided which is controlled in response to in- vention can move a program card in a forward direction past a 

structions read from the card and the contents of certain cal- reading means so as to enable the reading means to read the 

culator registers. For example, in response to a conditional successive instructions on the card sequence. When an uncon- 

REWIND instruction, the transport mechanism will move the 50 ditional branch instruction is read, the card transport 

card in a reverse direction to a forward instruction only if the mechanism will unconditionally move the card (in either a 

content of an A register (accumulator) is negative. If the accu- first or second direction depending upon the nature of the un- 

mulator content is positive, the card will be moved in a for- conditional branch instruction) until a sought instruction is 

ward direction to read the next instruction. By enabling a pro- sensed. On the other hand, if a conditional branch instruction 

gram card to be read bidirectionally, a calculator can be auto- 55 is sensed, then the content of the A register is examined to 

matically controlled to execute problems requiring successive determine whether a branch operation should in fact occur or 

iterations. whether the immediately succeeding instruction on the pro- 

The novel features of the invention are set forth with par- gram card should be executed, 

ticularity in the appended claims. The invention will best be Q The system 20 in accordance with a preferred embodiment 

understood from the following description when read in con- of the present invention utilizes a substantially conventional 

junction with the accompanying drawings. data processing card 22, shown only generally in FIG. 1 and in 

greater detail in FIG. 4A. The system 20 further includes a 

BRIEF DESCRIPTION OF THE DRAWINGS card transpor t mechanism 24 which moves the card 22 across 

FIG. 1 is a block diagram of a system in accordance with the 65 a guide surface 26. The card 22 is moved between a oair of 

Dresent invention- roller pairs. The first roller pair includes a drive roller 28 and 

FIG. 2A is a wave form chart illustrating the wave forms an a idler roller 30. The second roller pair similarly includes a 
generated in the system of FIG. 1 to move a program card in a drive roller 32 and an idler roller 34 The drive rollers 28 and 

first direction- 32 are driven bv belt or chain 34 whlch ls ln turn en y a 

FIG 2B is a truth table illustrating the manner of controlling 70 drive wheel 36 coupled to the shaft 38 of the armature 40 of 

the flip-flops of FIG. 1 in order to generate the wave forms of the bidirectional motor 42. 

FIG 2A- The card 22 carries indicia which represents a plurality ot 

FIG 3A is a wave form chart illustrating the wave forms successive instruction codes to which the control means 16 is 

generated in the system of FIG. 1 to move a program card in a responsive. It is contemplated in accordance with the present 

second direction- 75 invention that the indicia can be represented in several dif- 
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ferent forms. Thus, the indicia can comprise holes punched in 
the card, magnetic spots deposited on the card, optically 
recognizable spots printed on the card, etc. Regardless of the 
nature of the indicia representing the instructions, a sensor or 
reading means 44, of an appropriate type, is supported proxi- 
mate to the path of the card 22. The output of the sensor 44 is 
connected to the control means 16. 

The system 20 further includes means for selectively actuat- 
ing the card transport means 24. More particularly, the system 
20 includes means for energizing the motor 42 to rotate the ar- 
mature 40 in either a first direction or a second direction. As 
will be more readily appreciated hereinafter, the direction of 
motor rotation is determined by a bistable device such as the 
D flip-flop 46. The D flip-flop 46 can be a conventional set- 
reset flip-flop. Let it be assumed that when the control means 
16 applies a pulse to the set input terminal 48, it switches the 
flip-flop 46 to a true state to thus drive the motor armature 40 
and card 22 in a first or forward direction. On the other hand, 
when AND gate 50 provides a pulse to the reset input terminal 
52 to switch the flip-flop 46 to a false state, it rotates the 
motor armature 40 and moves the card 22 in a second or 
reverse direction. As shown in FIG. 1, the AND gate 50 is 
responsive to the output of the control means 16 and the con- 
tent of the A register. 

The true and false output terminals 54 and 56 of the flip- 
flop 46 are connected to gates 58 and 60, which respectively 
control A and B flip-flops 62 and 64. That is, the gates 58 and 
60 determine the sequence in which the A and B flip-flops 62 
and 64 are switched by pulses supplied by the clock pulse 
source 66. The mechanization of the gates 58 and 60 can be 
ascertained by reference to the truth tables of FIGS. 2B and 
3B to be discussed hereinafter. Suffice it to say at this point 
that the true output terminal of flip-flop 62 is connected to a 
coil driver 66 whose output is connected to coil 1 of the 
bidirectional motor 42. The false output terminal of flip-flop 
62 is connected to coil driver 68 whose output is connected to 
motor coil 2. The true and false output terminals of 1 flip-flop 
64 are connected to coil drivers 70 and 72 whose outputs are 
respectively connected to motor coils 3 and 4. 

In order to drive the motor armature 40 in a first direction, 
the motor coils can be energized in accordance with a first 
sequence represented in FIG. 2A. For example, FIG. 2A 
represents the coils 1, 2, 3 and 4 being energized in sequence. 
On the other hand, in order to move the motor armature 40 in 
the opposite direction, the motor coils can be energized in ac- 
cordance with the sequence represented by FIG. 3A; i.e., coils 
4,3,2,1. 

In order for the coils to be energized in the sequence 
represented by the wave forms of FIG. 2A, the A and B flip- 
flops 62 and 64 should be switched in response to each pulse 
provided by clock pulse source 66, in accordance with the 
truth table shown in FIG. 2B. Similarly, in order to energize 
the coils in the sequence represented by the wave forms of ^ 
FIG. 3A, the A and B flip-flops 62 and 64 should be switched 
in accordance with the truth table of FIG. 3B. The gates 58 
and 60 implement the truth tables of FIGS. 2B and 3B. More 
particularly, when the direction (D) flip-flop 46 is true, the 
gates 58 and 60 implement the truth table of FIG. 2B and 
when the direction flip-flop 46 is false, the gates 58 and 60 im- 
plement the truth table of FIG. 3B. 

Attention is now called to FIG. 4A which illustrates a typi- 
cal data processing card 22 which can be utilized in the system 
of FIG. 1. The card 22 is illustrated as having twelve columns 
and N rows. The twelve columns of course permit 2' 2 different 
codes to be defined. In a system in accordance with the inven- 
tion, the codes would primarily represent instructions to 
which the control means 16 of FIG. 1 is responsive. More par- 
ticularly, in accordance with the present invention at least 
some of the codes would represent conditional and uncondi- 
tional branch instructions. Typical unconditional branch in- 
structions are: (1) UNCONDITIONAL REWIND and (2) 
UNCONDITIONAL SKIP. When the sensor means 44 of FIG. 
1 reads an UNCONDITIONAL REWIND instruction, the 75 



control means 16 causes the card 22 to be moved in a reverse 
direction until the sensor means 44 reads a FORWARD in- 
struction. On the other hand, when an UNCONDITIONAL 
SKIP instruction is read, the control means 16 causes the card 
5 22 to be moved in a forward direction until a subsequent FOR- 
WARD instruction is sensed. Thus, it will be appreciated that 
the unconditional branch instructions are not dependent upon 
the content of any of the registers. In contrast, the conditional 
branch instructions, i.e., (1) CONDITIONAL REWIND and 
10 (2) CONDITIONAL SKIP are dependent upon the algebraic 
sign of the content of the A register. Thus, if the content of the 
A register is negative, the CONDITIONAL REWIND instruc- 
tion causes the card 22 to be moved in a reverse direction until 
a FORWARD instruction code is read. Similarly, if a CONDI- 
TIONAL SKIP instruction is read and the content of the A re- 
gister is negative, then the card 22 moves in a forward 
direction seeking the next FORWARD instruction code. On 
the other hand, if the content of the A register is positive, the 
conditional branching instruction will have no effect and the 
succeeding instruction will be executed. 

The utilization of conditional branching codes extends the 
capability of the calculator and enables problems requiring 
successive iterations to be performed. A simple example of 
one such problem is illustrated by Table I which presents a 
card program for raising a quantity X to a power n. 
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X where n is a positive whole number 
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Assume n = 3 



ACTIONS 
enter Cn-1) 



REGISTER CONTENTS 
M E A ST1 ST2 
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1) Stop 

2) Transfer A 

3) Store 2 

1) Stop 
i 

5) Transfer M 

4- 

6) Transfer A 
N 7) Store 1 
at 8 ) Ibrward 

9) Recall 1 

i 

10) Multiply 

11) Store 1 
it) Recall 2 
1^) Transfer A 
11) 1 

15) Subtract 

l1f) Store 2 

l^) Transfer A 
i 

18) Recall 2 
+ 

J.9) Conditional subtract;A(o)-E(l>#A 
^ Rewind to forward 

20) Stop 



transfer ECn-l)^A 
transfer A(n-1V»ST2 
enter x 

transfer E(x)*M 
transfer E(x)-*A 
transfer A(x)-»ST1 

transfer ST1 (x»E 
multiply M9X).E(x>*A 
transfer ACx 2 HSTl 
transfer ST2(2>*E 
transfer E(2>»A 
enter 1-*E 
subtract ;A(2)-E(1»A 
transfer A(1»ST2 
transfer E(o»A 
transfer ST2U>*E 



if A is negative , rewind 



FIG. 4B illustrates a flow chart corresponding to the program 
of Table I. It will be noted that steps 1 —7 of the program con- 
stitute an input portion during which the quantities X and n— 1 
are entered by the keyboard. Steps 8—18 determine the 
product of X and the products of X accumulated during prior 
in iterations. Additionally steps 8 —18 decrement the ex- 
ponent value by one for each iteration. Thus, during an initial 
iteration, X is multiplied by itself with the product being 
stored and the entered exponent quantity (n-1) being 
reduced by one. Thus, after k iterations, the accumulated 
product will be equal to A*' + l and the decremented exponent 
quantity will be equal to n—l—k. If n were equal to three, for 
example, then after two iterations, the accumulated product 
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would be equal to X 3 and the decremental exponent would be 
equal to zero. By subtracting one from the quantity n—l—k, its 
algebraic sign can be tested by a CONDITIONAL REWIND 
operation (step 19) to determine whether further iterations 
are necessary. If a further iteration is necessary, as evidenced 
by the A register being negative, then step 8 is next performed. 
On the other hand, if the A register content is negative mean- 
ing that the required number of iterations has already been 
performed, then the instruction corresponding to step 20 is 
next read. 

From the foregoing, it will be appreciated that a system has 
been disclosed herein for use in conjunction with an electronic 
calculator for automatically causing the calculator to execute 
a series of instructions. The system in accordance with the in- 
vention provides for the instructions to be represented on an 
indicia bearing record which can be bidirectionally moved to 
thus enable branch instructions to be executed. By providing 
for conditional branch instructions, a calculator utilizing the 
teachings of the present invention can execute problems 
requiring iterations for their solution. 

Although particular embodiments of the invention have 
been described and illustrated herein, it is recognized that 
modifications and variations may readily occur to those skilled 
in the art. For example only, whereas a bidirectional motor of 
the stepping type has been illustrated in the preferred embodi- 
ment, other types of bidirectional motors could be satisfactori- 
ly employed. Similarly, different arrangements of control cir- 
cuitry could be utilized. Accordingly, it is intended that the 
claims be interpreted to cover such modifications and 
equivalents. 

We claim: 

1. A calculating apparatus including: 
a record means bearing indicia representing a plurality of 
instructions; 



reading means sensitive to indicia on said record means for 
reading instructions represented thereby; 

a plurality of number storing registers; 

a control means responsive to instructions read by said 
reading means for executing operations with respect to 
numbers stored in said registers; 

a transport means actuatable to selectively move said 
record means and said reading means relative to one 
another in first and second directions; and 

transport actuating means responsive to said control means 
and to the content of at least one of said registers for ac- 
tuating said transport means to selectively move said 
record means and said reading means relative to each 
other in either said first or second direction. 

2. The apparatus of claim 1 wherein said record means com- 
prises a flat card; and wherein said transport means moves said 
flat card past said reading means. 

3. The system of claim 1 wherein said transport means in- 
cludes a bidirectional motor having at least first and second 
field windings; and wherein said transport actuating means in- 
cludes means for energizing said first and second field 
windings in accordance with a first sequence to move said 
bidirectional motor in a first direction and in accordance with 
a second sequence to move said bidirectional motor in a 
second direction. 

4. The system of claim 3 wherein said transport actuating 
means includes a bistable device capable of defining first and 
second states; 

a source of pulses; and 

gating and logic means for directing said pulses to said first 
and second field windings in accordance with either said 
first or second sequence dependent upon the state 
defined by said bistable device. 
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